The contributions of the three· body force to the energies of the alpha-particle are estimated both in the ground state and in the first three T = 0 negative parity (j" = 0', 2 -, l' ) excited states. These contributions just correspond to the deviations of the theoretical values of the energies of the alpha-particle, which are obtained with the realistic two-body force only, from the experimental ones not only in the ground state but also in the excited states. From this fact, it is shown that the three-body force is indispensable to reproducing the energies of nuclei with realistic nuclear interactions and that the three-body force may be determined in a phenomenological way. § 1. Introduction
There have been no experimental phenomena which constitute a direct evidence of the nuclear three-body force. In the present paper, it is pointed out that there exists a fact taking the place of such phenomena, and it is shown that rough features of the three-body force such as its strength and type can be deduced.
Recently A TMS method 1) has been proposed to solve few-particle systems under realistic two-body interactions. This method is of powerful one. In fact, the method gives the very close upper and lower bound energies of the ground states for three-and four-alpha-particle systems, where the alpha-particles interact through phenomenological inter-particle potential with a strong repulsive part. 2 ) This means that ATMS method can make it possible to solve almost completely these alpha-particle systems. Using this method, wave functions and energy values have been evaluated for the triton and the alpha-particle with several realistic two-body forces. 1), 3) We pay attention to the deviations of the theoretical energy values obtained with the realistic two-body force from the experimental ones in the first three T =0 negative parity (j"=0-, 2-, r) excited states of the alpha-particle as well as in the ground state. The theoretical value of the ground state energy of the alpha-particle, which is obtained by the use of ATMS method, deviates to a large extent from the experimental one in any case of the realistic two-body forces, and this deviation is considerably large compared with the differences among several theoretical values calculated with different types of the two-body force.
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There- fore the deviation in the ground state energy of the alpha-particle cannot be attributed to the difference of the two-body forces.
There are some features to be noted; the deviation in the ground state is about four times as large as the mean deviation in the excited states (see Table  I ). In the ground state of the alpha-particle there are four nucleon-trios, each of which has triton-like structure!) On the other hand, it is suggested that the alpha-particle in the excited states has such structure as 3H + p or 3He+ 71. 5 ) Thus it is known that the magnitude of the deviations mentioned above corresponds to the number of the triton-like nucleon-trios contained in the ground state or the excited states of the alpha-particle. This fact strongly suggests that the deviations are attributed to the nuclear three-body force.
In the present paper, it is shown that the characteristic feature of the abovementioned deviations can be understood in terms of the contributions of the threebody force, that is to say, the contributions of the three-body force in the alphaparticle are large in the ground state and small in the excited states. It is also shown in detail that the three-body force contributions different between the ground state and the excited states come from the difference in the numbers of the triton-like nucleon-trios and in the size of the trios.
Finally, we remark a note on the three-body force used in the present paper. It is reasonable to use a three-body force obtained from meson theory in a large inter-nucleon distance. We adopt the three-body force coming from P-wave pion-nucleon scattering process 6a ) in the large inter-nucleon distance. On the other hand, we deal with its inner part phenomenologically, that is, the three-body force used here has the form of the pion-theoretical one multiplied by the usual form factor,6b) this form factor being treated in a phenomenological way.
In § 2, the contributions of the three-body force to the energy of the excited states of the alpha-particle are evaluated from the expectation values of the threebody force. The employed three-body force and wave functions are summarized, their details and calculated matrix element are relegated to the Appendix. In § 3, numerical results of the expectation values in the excited states are summarized together with those in the ground state of the alpha-particle and triton, and characteristics of these results are examined in their relation to the structure of those nuclei. Concluding remarks are made in the last section. § 2. Evaluation of three-body force contribution to the energies The contributions of the three-body force to the energies of the alpha-particle are estimated by evaluating its expectation values with respect to the wave functions obtained in the variational calculations with the realistic two-body force only. As the estimation for the ground state was done previously,4) we carry it out here for the first three T=O negative parity (J"=O-, 2-, r) excited states.
The three-body force used here is rewritten in a more general form than its original one 4 ),6) from the viewpoint of future phenomenological study,
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( 1) where The wave functions of the excited states of the alpha-particle,5) which are obtained with A TMS method, I) are given as
IJfY) includes on-shell two-body correlation functions originating from the twobody tensor force and 1Jf<[) the ones from other types of the two-body force. Details for the wave functions are given in the Appendix,
The expectation value of the three-body force is given by
where (ij; k) means the summation over i, j and k determined by all possible combinations of three nucleons in the alpha-particle and all possible selections of k from each combination. Using the symmetry properties of the three-body force and the wave functions for nucleon exchanges, we obtain
The detailed expression for the matrix element in the right-hand side of Eq. (4) is presented in the Appendix. § 3.
Results and discussion
The expectation values are finally evaluated by numerical integration of Eq. (A '6) in the Appendix with quasi-random number method. The parameters I; and 7J in the form factor are adjusted so as to reproduce the ground state energy of the alpha-particle, then I; = 0, i. ...,
C;;
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.S Table I indicates the difference in the energy between the theoretical value obtained with the Hamada-Johnston potential and the experimental value from which Coulomb energy is subtracted. Here Coulomb energy of the alpha-particle is estimated to be 0.8 MeV in the ground state and 0.5 MeV in the excited states.
As seen in Table I , the most marked characteristic of the expectation values of the three-body force in the case of the alpha-particle is that the expectation values in the excited states are very small in the absolute value compared with that in the ground state. That is, the expectation value in the ground state is 7.5 MeV in the absolute value, on the other hand those in the excited states are about l.0 MeV. This characteristic of the expectation values reproduces well that of the deviations LlE of the theoretical two-body force value from the experimental one. Also it must be noted that more than two-thirds of the magnitudes come from the term < We! V(3)! WT>, where WT is produced from the two-body correlation functions caused by the tensor part of the two-body force. This means that it is essentially important to properly estimate the coupling effect of the three-body force to the tensor part of the two-body force so as to get correctly the contributions of the three-body force. N ext, two reasons are considered why there is large difference between the expectation values of the three-body force in the ground state and in the excited states. In the ground state of the alpha-particle, when the two-body correlation functions are neglected between the three-nucleons interacting on each other with the three-body force and other nucleon (spectator nucleon) free from the relevant three-body forces, the expectation value is little changed and the following approximate relation holds very well (see Table II and Ref. 4) ). (5) where, W(4He) and WeH) are the ground state wave functions of the alphaparticle and the triton respectively where the same two-body correlation functions are used in both nuclei. In the excited states of the alpha-particle, it is considered that the effect of the two-body correlation functions related to spectator nucleons on the expectation value is small and can be neglected. Under the same approximation as in the ground state, the expectation values in the excited states are written as where 1Jf(j)(4He*) is the wave function of the excited state of the alpha-particle and 1Jf 15i eH) is the three-nucleon state with total isospin 1/2, total spin S, orbital angular momentum 1 and total angular momentum j.
As seen from Table I From comparison between Eq. (6) and Table I ;it is known that the main part of the expectation values in the excited states is obtained as the expectation value of the ground state of the triton. The reasons are as follows. The values of the main terms are almost the same for all the excited states, which indicates that they come from the first term of Eq. (6) just corresponding to the expectation value for the triton. From this fact and comparison between Eqs. (5) and (6), it can be understood that, one of the reasons for the large difference of the expectation values between the ground and excited states exists in the difference of the number of triton-like nucleon trios, and for this reason the expectation value of the ground state becomes three times as large as those of the excited states.
The ratio between the expectation values in both states is actually about 7.5. Another origin for this ratio exists in that expectation value itself per nucleontrio is different in both states. Because of short-range nature of the three-body force, the magnitude of the expectation value strongly depends on root-meansquare (Lm.s.) radius of nuclei (see Tables I and II) , and therefore the difference of the expectation value per a nucleon-trio is considered to be due to the difference of the size of the trio in both states. The expectation values per trio are roughly estimated to be proportional to 1/(Lm.s. radius)3 . This relation and the calculated value -1.155 MeV for the triton lead to -2.1 and -0.7 MeV per trio for the ground and excited states of the alpha-particle respectively, and they agree well with the values of -1.9 and -0.8 MeV which are obtained from Table I and Eqs. (5) and (6).
Finally we discuss briefly about the state dependence of the expectation values in the excited states. As seen from Table I , the expectation value for the 0--state is larger than that for the 2--state in their absolute value, but this is in reverse order in the deviation LlE. We have not attempted to improve this disagreement because of the following reasons. First, two-body energy calculations in the excited states were done by the use of the bound-state approximation,5) therefore, as the excitation energies of the relevant states are above the particle decay threshold, we must not take this disagreement so seriously. Next then, our present interest is mainly in whether the average nature of the deviations LlE in the excited states can be explained by the three-body force consistent with the one used in the ground state.
It must be emphasized here that, if necessary, the state dependence of the deviations LlE in the excited states could be reproduced phenomenologically. This will be done in such a way that, as the state dependence mainly comes from the kinematical factor of the matrix element, the operator part of the three-body force in Eq. (1) is replaced by something phenomenologically derived. § 
Concluding remarks
The deviations of the theoretical alpha-particle energies obtained only with the two-body force from the experimental ones can be understood as the effects of the three-body force. The deviations both in the ground state and in the excited states are properly reproduced by the expectation values of the threebody force not only in their characteristic feature but also in their magnitudes, and this fact is naturally explained from the numbers and the size of the tritonlike nucleon-trios which are contained in both states of the alpha-particle.
Inversely if the three-body force is indispensable to reproducing the energies of the alpha-particle and its necessity has been referred by the simple fact, that is, the number of the triton-like nucleon-trios contained in each state of the alphaparticle, now it can be said that we have got a practical manner in which the phenomenological three-body force is determined. It is to find such a three-body force that can reproduce the above-mentioned deviation per a nucleon-trio in all different states of the alpha-particle.
A original form of the three-body force used in the present work is given as 4 )
+h.c. ,
where (Ji and Ti are the spin and isospin operators respectively, and 
Details of the wave functions
Let lJf<j) in Eq. where L'i~' is the usual 9-} symbol.
